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OPERATION OF THE OPTICALLY PUMPED POLARIZED
H- ION SOURCE AT LAMPF

R. L. York, D. Tupa, D. R. Swenson, and O. B. van Dyck
Los Alamos National Laboratory, Mail Stop H838, Los Alamos, New Mexico 8754f

Abstract

We report on the firet ive months of operation of the Op-
tically Pumped Polarised lon Source (OPPIS) for the nu-
clear physics tesearch program at LAMPF. The LAMFPF
OPPIS 1s unique in using Ti:Sapphire lasern to polarise
the potassium charge-exchange medium, and until recently
was unique in using a raperconducting magaet in the ECR
source and polariser regions. The ECR extraction elec-
trode biasing arrangement is also unique. Typical perfor-
mance was 28 microampe ¢ pesk current (measured at
750 keV) with 55% beam polarisation or 15 mictoamps at
62%. lon source avallability was greater than 90%. We
also report our planned 'mprovements in preparation for
reseatch operation in May of 1901,

1 Introduction
In ite fitrt year of operation, OPPIS exceeded its design
goal by producing a polarised beam whoee value of P?[ was

iore the 1 a facter of 10 greater than thas of the Lamb-
shift source. The sourca was opetated fot up to 300 hre
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between maintenance periods. The 23-uA peak current re-
tults in & 600-nA average beam current in the experimental
area at 8% duty with 100-n8 chopping for neutron-spin in-
teraction experiments.

Full descriptions of optically pumped ion sources can be
fourd in the literature.[1] A drawing of OPPIS at LAMPF
is shown in Figure 1. This ion source has several unique
featutes, both in ite H™ source and its optical pumping
system.

2 Features of LAMPF OPPIS

The OPPIS ECR soutce opetates at a {requency of 18 GHa
and a power level of | kW, The axial magnatic fleld of the
ECR and the polariser ccll is provided by a superconduct-
ing magnet with & 14 cm bore. This large bore allows for
vacuum pumping between the ECR extraction lenses and
the polariser cell, minimising the unpolarised H” beam
formed from residual hydrogen gas.

The ECR axtraction system consiste of thres multiaper-
ture lenses. The elecirodes ate biased In the “accel-accel”
configuration (3] to produce & low divergence K* bean.
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Figure ' A diagram of OPPIS. A profle of the axial ruagnetic field in the source overlays the diagram.
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Figure 2: A schematic of the optical pumping system of LAMPF OPPIS.

For the 1990 operating period, lenses of 1-mm thickness
and 1-mm spacing and a hexagonal close-packed array of
37 or 19 1-mm diameter holes with 0.25 mm web between
holes were used. The lens configuration has since been
further optimised; details of these experiments are given
later in this paper.

A schematic of the optical pumping system of OPPIS is
given in Figure 2. LAMPF was the first facility to use K
rather than Na in the polariser cell, Potassium can be op-
tically pumped by the solid-state Ti::sapphire laser. These
lasers can produce .ver 3 W of light with a bandwidth
of %500 MHs, which efficiently pumpe the 1. GHs bard-
width of K. This large laser power makes it poesible to
nmaintain high polarisation while dedicating a single laser
to a particular spin ot *y, simplifying the spin-flip proce
dure greatly and allowing rapid spia ip. The Ti::sapphire
lasers have stable frequency and power. Their relability
contributed to the high availability of polarised beam.

As shown in Fig. 1, the OPPIS ¢-keV beamline has a
16° bend before the beam is injected into the 750-kV high
voltage column. This feature allows for efficieat insertion
of the laser beam and avoids depositing thy high-intensity
neutral hydroges beam and alkali vapor in the high voltage
columa., This bend is sccomplished by combined electric
and magnetic fields balamced to give no net spia preces-
sion with respect to the particle direction of motion. This
allows a longitudinally polarised beam to be injected Into
the 780-keV spin precession system, which gives the exper-
imental arcas complete freedom of spim orientation. Since
the opin precession is proportional to the amomalous past
of the particle gyromagnetic ratio, which for H™ lons |s
=3.78, the spin correction device has a magnetic fleid to
give 8 4.2° |eft bend and electric field to give approximately
8 20.2° right berd for net bend of 16°. The effective fleld
length on axis is 104 mm. The flelds bave the typical ExB
or Wien filter geometty in a very compact space, so the

device is termed the “Teeny Wieny filter.” The Teeny
Wieny filter accomplishes the 1¢* bend and spin precession
correction with no measurable 1788 of beam intensity.

3 Development Experiments

One of the reasons for the successful performance level of
OPPIS is the change from a accel-decel to an accel-accel
extraction system. The accel-accel mode produces an H-
current deneity that is ceven times that of the accel-decel
mode (3]. Since the end of the LAMPPF experiment run
cycle in October 1990, experiments to further optimise the
ECR extraciion lenses have heen performed. When the
extraction lenses are operated in the accel-uccel mode and
the net extraction vc'tage is lowered, we belleve the plasina
theath becomes le=: concave, resulting in a more paralle!
H* beam. [his paiullel H* beam produces « lese divergent
H® beam which better matches the small accaptance angle
of the loniser cell (10 mrad).

In addition to tis exsraction voltage, an important pa-
tameter determining \he divergence angle of the H* beam
is the spacing between the first two lenses. Data expioting
the effect of this spacing as a function of extraction voitage
is shown in Fig. 3. The dats shows that for 2-m spacing
the accel-accel effeci iy not evidemt. [or the 0.3-mm spac-
ing, tignificant beam heating of tke K coll was observed, 10
this data was taken with a C.%-cm diameier beam {or com-
parison. The optimum spacing for 1-mm holes end 1-mm
thickness seems to be 1 mm.

Auother importaat patamets; 7or the H* beam quality
is aspect tatio, where aspect tatin is defined as the ratio of
a single extraction hole dlameiar tu lens thickness. Studies
indicate that the accel-accel mode does not work well for
aspect ratio greater \ham 1.0. The data shown in Fig. ¢
indicates that an aspect tatio of 0.78 is 20%R better than
thas of 1.0,
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Figure 3: H= curremt versus the extraction voltage for
different spacings betweea the first iwo lenses.
Recause some of the nuclear physics experiments at
LAMPF have limited current tolerance, which enhancew
the beam polarisation requirement, considerable effort has
been concentrated on improving polarisation. The K cell
diametet Is 0.8 cm and the H* beam, with 37 holes in a
close-packed hexagonal pattern, has a flat-to-flat diameter
of 0.7cm. When the H* extraction geonietry ls changed to
a 19-hole pattern with a beam diamaeter of 0.8 cm, and half
the extraction area, the H™ beam polarisation increases
from 55% to 62%. Two effects contribute to this improve-
ment. Lowering the extraction sres reduces the required
hydrogen flow, thus limiting the unpolarised beam formed
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Figure ¢ B~ current vervns exizaction voltage for
extruction lens aspect ratios of 1.0 and 0.78.

{rom residual gas. Also, tiere is a radial dependence of K
polarisation in the polarisez target due to insufficient laser
coverage and depolarisiig wall collisions. Thus, a smaller
diameter H* beam selecte only the mote polarised portinn
of the K target. The improvement in beam polarisation is
probably s combination of these effects.

The dependence of beam polarisation on the magnetic
field strength in the Na ioniser cell wis explored. Increas-
ing the solenoidal magnetic field strength from 1500 g to
2000 g increases the beam relative polarisation 3%, but
decreases the beam current 25%. The decrease in beam
current is due to the increased emittance of the H~ beam
[3).

Another enhancement of beam polansation was achieved
by tuning both Ti::sapphire lasers to pumip a single spin
state. This not only doubles the available laser power but
also improves the spacial and frequency coverage of the
K vapor. This rasuite in a telative improvement in beam
polarisation of 8%. Using this effect, incrrasing the mag-
netic fleld in the ioniser solenoid to 2000 g, and using a
0.5 co» H* beam yields 13 uA with beam polarisation of
70%. Work is curtently in progress to develop an auto-
mated laser {requency adjustment, to allow spin flipping
with both lasers tuned to each spin state. Progress in this
endeavor is reporied by Swenson, ¢t al. at this conference.

Conclusion

The performance of OPPIS has enhanced the LAMPF
neutron-spin interaction pregtam. Development efforts are
focusssd to improve the beam polarisation to better sat-
isfy the full range of nuclear spin experiments. The per-
formance level goal for 1991 is 20 uA ut 80% polarisation.
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